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FRIED BLAU

The issue io not wvhother the mhenomens of extrcrﬂeneory'worcept—
jon existe, but rather, if slectromzgnetic or other ohysicrl theories
adequately describes any or 21l of the nhenoncno,

" Tlectromasnetic theories “or the nhenocwsna cctually nredete
their onmosition by more then three centuries. ‘nwort from Certesien
arcunents leading to du~lism and weterislism, the "menteal radio®
medels have traditionslly snd even recently been onposed uvon o
least the four following grounds,

Tirst, thet ~lthoush the high correlotion between the eleciricnl
activity of the brain ond body with many vsi ohenonena ig well
established, *the brain does not cmit coherent cnergy or radiation
detectahle more thon = few centimeters from the szkull. Second, vhat
enersics are emmitted loss thoir pover very ropidly, cccording to the
onticel, or inverse to thoe sousre of the distonce rule, and such con-
not account for televnathic »henoment which occur over dlgthonces of

housands of %ilometers, Third, In theories cannot exnlain the 'fidown
thru" card deck cloirvovence phenomens. Tourth, ny exnlainetion of
nraecosnition cornot wossibly be =slectromasnstic,

Let it be conceded that the third end fourth objections ore valid
2nd well taken. Ioweover, ~g =ill be shown, there is new evidence
that suvercedes the First twe objections. Althoush some rasearchers
in t'is field adhere to an only-one psi nhonomena =modlcl, e do not.
Aonerently to some, since Bm theoories did not sccount for 211 the
vhonomens, it oo erently did not account for =ny of it.

Althoucsh it wes our originnl intent to »resent now evideance for
the »laugibility of electromognetic redistion being the »hveicsl brsis
for non-nrecognitive cxro-sonmory percention, sonctime beteen the
berinning of our rescorch, rhout 2 yszar ogo, =nd tho »nresent, it be-
ceme annorent to this resesrcher that there is 1little thot ig »nero-
nhvaicol chout <ome esn vheaonena,

Necouse we find thot noromagychology e be roconciled with

svchologv, the two synthesized unon cl=gsicol physics cnd neuro-
vhysiolosy, this morogronh hes been 2ltcred only in gtvle, tut not
in content ith resnect to ite rfoted vurnosec. '

Unon the following cuototion rests the foundotion of this thesis.

"Hinelly, extro--gonsory mercention ond sonsory mor-
cention omperr to be ruch 2like excent in the relotion of the subject
to the stimulus., “Then gengory »nercention is tested at o low level
of stimulug intensity which n1~kte~ the »nroccess more comnor~ble to
AP, there is indication thot it is subject to somc of the influcnces
now tmown to effecct TP »nerformaonce, J.B, Rhine (Movember, 1940)
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2. BRITH FIJNORY OF 187 I5703

Dven before the sevonteenth century, the tonice of connciousness
ond conmunication were of central tauue to rotural philosonhy ~nd
theolosy. The nhenomena enlled oxt rﬂ‘Nﬂneorv aorcontlon N 30MWe ,

~nd hio--information ™v others heos lons higtory of being tmown by
manv different nimes in mrny cultuc s rnd avery historical tine,

Tt hod, by thi=s time, been well denongtr-ted th + mon's cons jciousness
woad interdencendent o= well u9on his biecloww ~nd whvgiologv, ~nd thot
theae in turn were influence? by the rhyvsicel environmenths.
Although in reotrosnccet the issuc concerns itself with the de
corived f?Oﬂ nMVNicQ; “hvgiolosy and mgycholosv, the bricf survoy
nresented here shovs cuito cl~’r1V *h 't the invesvinotions under-
telken were donz se mndar the rotion th-t the nheononena obsarved in
one gweclialty wog not rolotad to nhonomnens ovgorved in ovher snecial--
tics. This baconss vorw oonront when loter on, radio whenoncne,
o wracticed by electronic ~nrinecrs and rodio »henoaono vith
roamcet to egm, benm 1ittle rolation to c.ch other, in the ninds
of the nrinciW"l naremareholosicel invegtic-tor: of the mid-
stentieth cenbury,

ta

o

It vonld “e Aif "iculd to ao vhon the very fivet glectronprnetic
thoorine of nmgi first occurred, Becruse the mhenow ?n‘ ig described in
vords thot D“od¢ce nodern sciontific ter minolosics. AbUTOﬂOS of the
cmncific icsue at hond, the firet mention of oav wIJAOﬂ“aL elegvant
to the wmercemtion (ﬂr/nr cmiggion of elactrical or n“fn~blc unorvv
b thz huncn orc=nism occurs with Pors col@uf (1493-1541). He-bs
o. ohvsicion 2nd romute”lv o navehic han 25 owell, and he belioved
thet meeonetisn g o wveterio s hut noatural force, thnt like tho stars
influesnced “he huwurn bhodw, even at a @ cnee, HT oo subtle Oﬂ“ﬁ‘*iOﬂ
that »ervaded sv-ce, (uorlng,1929)

Froneils Bacon (1551-1626) in Sylve, Tylvarum, or ?,”“Tu“”l History
mrovides S“VG””l acecounts of arzcosnition ond trlowethyr, n0b1n; thot
thov ware netur: l Uh;ﬂ@ﬂ”n né thob 1t b:longod to o clces of
omerations -'nﬂ* lg=siong, “transmfu dons, * and influences, which
"work o5 o distonce, but not ot touch°” fﬁ moout the same timé;

Ven Deluont (1577-1544) orisin~ted the doctrine of onimal =e-netism,
by teoching thot aognetic fluids "“detuu Trom all men, ond ﬁ?y be
guided by the +ill to 1ar1”@qcu the winds ond bodies of others. (Qudrs

A contonorary of the cbove was Gilber’s, who in 1600 vublishad
ce Jugn“b“ arincinally o treatice on tho loddctone, Gilobert con—
01“0063 he t the cun end corth vmre both m~0hnbs the divrncl raetion

£ the carsh domendont uwron thet 1“ﬁnot1'1. do =lco studiod the
ﬂh“non cnn of Felocetric~, but did not Conﬂ}de th>t there s ony
relations™in bet-reon mognation ~nd eloctkricity, .

Aordin, o find snother Tt oant ot o “hvsicsl or moechonical
cxnlrnction of +) enomona rith Gleonvill (163%6--1680) vho courles
a vorld--soul hvnothdéis rith the obhassrvation thet % ., the czitatad
norts of the Broin (boget) ~ notion in tho »rovims A-ther: it is
vroncogated throwsh the licuid =~diun, 28 ve sazo th. motion +hich is
crus'd bv 2 stons thro'm into the ~oter.’ (Gudos,1961) I

It ghonld he und-ratood that At this time »hilosonhors, who

' e of the ngvchologiats, wers ”**“olng the

wore thir true Torasrun
asue of vhother » motorislist or evitualist modal moetd ~ecurately

I

Y

~ceounted Tor mon'e behovior ~nd consciougnose, ho cucgtion vhich
rag re'nindla? b O-rhogion duslisw is etill I‘ClCVfﬂ end is
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2t111 boins fobotod todny, It ic obviousn, cven to this .ubthor, thot
motericlistic (a~ther hndrvf) M00els Aro neeesgorily incomnlets with
rean “ot to our bohaviors ~nd our 1d“aujum.s. cror” ingly, the valid-
ity the mind-bodv quostion. io ~cknotlo ged, the —or's of the ~~-=

QJllO%OﬁhQTW of the "ost-Rennisscnce is qull relovent todey, but e
mugt mess over tho higtory of »hilos omhv and concentrat. on Ghe
historw of the nhysicolisH models,

Inton Mesmer (1734-1818) wos o Vienooo “hysicion vho wag obloe
- to effeect cures both unon paychonourotic disburboness ond nhysiologica
ones hv whe usc of hywnotir g wvhich Mesmer cloimed wag dopendent unon
o mhonomens of animal magnotiom. His work is vevy immortant to the
cuzstion of consciousnesn end control becouse it stimul-ted not only
noroans YOhOlO“lC“T inouiry, but stimuletod the work of Froud ond June
into tho unconscinneness 25 woll. The 1smue, thon o8 novw, wogs whether
the curcs uhaz_hnswxr uocuscvuﬂy commleted wore due to soms outsido
ngwchokinetic—-like Torce, that i eluchrom: cnctism. or whother they
were due to suBlim,n.l sue-cations, Obv1ou“1y thz ngvchogomatic
controvergics ore raised. lMosmer himg-1f ot Tirst used mobal bar
masnets o nroduced his offccts, but: later rcerntod from their us
ond cona to dencnd solely on his owm Fonianl nngnetism, M ?ﬁc UQv of
N”nmﬁﬁ'v»QOGO”Oltv o selentivic comdssion was eot uo in 1784 -
investicate the matter. The comaiscion concluded thot qumnr
animol meenctidn and naturclly oceuring a“<n1h1~ﬁ (of the 100v“ton“
voaricty) wore not similer »hsnomene ~nd :gner feoll into digrenute.
» It iz obout this some time thet “enimel plQCf?lCltf“ is first
obsorved by Golvoni in 1730, Ilc discoverad +that frog's less, vhen
commneted to two dissimilor mote 1V, twiteh. d ~5. tho atill ~live.
Loter he crentad the fivst "wot b- txor\” b COJHqulng in serics o
large rumber of “rog's legn,  This wog in 1794, It is onlyv later
thot Volta crentes cloctricitv fro“-an inorgenic bottery., It is on
oft heard obhservation thot nony of mon's tochnologicael inventions arc
but »rojschtions of hig own bioloov,

, Ry 1827 Ohm had succonsg” Tully Zormuleotod the lous of simmle
electriczl ecircuitr, tluﬂ@ losre orc ahill in use ftodnv, The major
brﬂ“kthTouqh in »hveice of tho nincteenth contury ~og tho ﬁl”COVQ,y
bv Torsday in 18 51 thet on ~locetrical cvr““nt could be origincted by

moving o ”ir“ h1o“ﬂw 2 neenctice ©1i21d. It was tho LlrnU reclicetion
off tho unity clectriity ~nd msgnetism, Tt ms o in the next

vear that thm u@ohnoloTv hd advencsd gufl- Ficiently “or Morze to
demonstrate telogronhy, vhersbhs coded gignclo wvere carried ovor long
diagtonces bv usc of eohle~ (v nrmission linc) actine like low
froousne™ luanad worsmcher orghnns, ,

07 eoreat imortance %o +the orescnt isgus ic tho reosults of on
cxverinont carried oud bv the navchovhraiciat el nholt in 1850,
Before this dote the nind -body comnlex wog thousht to cct together,
slmultencously and ingtent: ﬂ“Om-l', ~t or near the speed of light.
vihich wag then knosm to bhe nbout 300,000 xm/u, The functions of
the nerveg  oro reasonably unuo"ﬁtooo at this tlm“ both anatomicall-
ond nsvchologie 11y, but it -rag almost univos gally 7~au1“o that the
nerveea, liko Torpl‘s cabler, tronemittod thoir fata ot the envcad of
ligh+=,  To his surrise, ond wmony others oo well, Helmholtz found
th 't the sve:d of nervous nronagation vas 50 m/ﬂfcp not only many
megnitudes slowver thon licht, but even slovor than +thae cveod of sound
in air, Mot heres was o new iao o, Tor men wag nov onlv aind ond body,

1 ~t [os) . 5 (N | . 1, . 3
2¢ WAz 2190 not instantincous in edilthe- hig nercontions or his
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et ig, his control. Dorvin's svolutionor theory of
1859 ﬂ*‘flﬂlt?tof sfCition~l conbSrovorsy concoerning thoe rige of
rachenistic (M‘TDCJC]I tic) whilo<onhice of -hv<oics, biolo~sv ond
hictory, The schirm botween =cicnce nd theoology 1o in »ort re-
50N 1‘31v Tor the foundlng of the ~rronsychologicel =nd msychica
rosearch socictice late rinotceenth ceontury. :
Bernetcin in 1866 deacribed the nerve immulse os o wove of
noegsbive eloetricity nassine clong the fissr., By 1871, he showed
tUot the immulos eoroad from the negnative insidoe of tho fiber to
nonitive outside. In ~ddition it wos understood ot this tTizo that
narves reoulrad o refroctors meriod bevore being to fire Saﬁin.
Touromhveiolo v b fhis time had identifticd ghocific sonsory and
1oto*r‘ H&Uf“7 location in the broin ond con'ral nervour  wehoa.
’V@ll'? cou~tions anmearcd in 1864 leoding to the crection
T r: Tove T

reoactinng, th

0 Troousney ol ctromaﬂnot’c rodiation in 1888. 7 1895
ik roopl res obhle to broaderst and rocoive over o Clotonece off severa
kilomotera, ond sucsoeded in trensmitting ccrose the Atlontic Occan

in 1005, Of iamortonce to ths bioohysin- 1 thoorvy o7 oop 1 the
smnanrncee in 1900 of Plonck'e lasr, ~hich sccurately describes
the . cnoerev gnectra of olactromocnetic encrgics ceritted from
ar objeet of -~ given tonmeraturn. or won thot temneraisure io 510°K,
Sir 7Tillisn Croo%keos: (Rhine, 183%4) attoants to exnleoin the |
naronornal nheinomena  as™igh freou SNCY Vlbr“tl@ﬂ“ of th~ o hor
gonerated bv tho mnolzeulir ~ction of thu brrin, ® (13G7) . b ut
this gome tineg, “Y? rln“n,.L101 boged wHon T”“ﬂr’“ (1834) ~ﬂd
Technor!'s (1851) cg of shianulus intensity snd the threshold
of zmensitivity (3 w It log R) confira the erist nce of gub-
liminal (balo?htlfﬂﬂHolr) mengitivity, Ejmf"9 who coincd the word
"telensshe!, in o rt beeouse e bod on inte est in 'wircless -
telegranhy! Lo mostulatae” the hubliainal consciomvness? Treud
(1.80Q) s intévog 2d in ho - tho 'umooncoiousnomi Tunctioned in
relotion to dre-me, Wu“ ou? b he never cckmotledsod The phonomons
of =»rocosnition, in 1“05 ncconted the oristencs o the Yso-
callce? occeult =ciimena,’ ~d7itionnl droon ort sty les of
June (1916) ~nd others ht

)

s bing indicote thrt the dresn 1o the
nost freoquent stote of consciovsncaz in which mgyehictl »henomons
occur, accounting for two thlrdn of all snontaneous psi. !
Intercstinslr enoush, thit ~lthouszh nrﬂx“ % in the pgrehical,
nhenomen~, in 11 its voriown @“\,, arzeedes th-t higworically of
tho interest in ~nalvtic ws?c»olo ina Ty U“tv“f_,, the 1914--1918
vor conerently atimul otod, for o briof timg, more intorest in the
lotter than the fornmcr. |
letwreen 1011 :nd 1926 various radio envinsere had found that
the ﬁrOﬂ“osbloﬂ of voiio wroveg wag denendant unon meny vorlod
such 2z sunovot cvelo~, thoe Time of the d-r, thr cooson of tho V\
cte. Two of the wost innorten’ wvoricrbles in bromdcuotmggare the
frecoucney of the zien-1 ~nd the condition of the ionosvhere 2t
o eivon time with mavee® to tnod - frocucney.  Theoreticol nodols
on’ ouniricsl -t Soth confirmod thet oloctromn notic Tudlmleu
intonsity ot o given distance (length) 1g o f

“unction of the wave-
loneth,  and doos not nocews orily dininich inverascly nrohortional to

tho ascusre of +ha distonco, the onticnl 1oar for visible 1isht

Ty ==
ey leng >

the,  The nuasric-l awosurce of ~ttenustion obtrinnsd from
tho fornul s ~vrilatls in 1011 ond 1625 do not vory onprecai:ly
from the ncceontzd nun2-ical waluces un? to7 Ay (1975) ?
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Porhi-»g ths "irat trus mooour-omont of the olsciromscnetic a2norey
camitted v oatn vos mede by Cacmam~ri, who drrtine in 1927 ond con-
tinuine to 1941 mszaursd the phenomen -, v usine o brosdbond ¢ onor—
ator of A0 - 400 Mhz (5.0 - 0.75 meters), he sucoedoed in renon~ting
~ith frogusnecies in thae 3 - 400 Mhz (W”O - 0.75% noto o) ronge.  (These
"AVAlﬁﬂﬂbhﬁ include lenaths equivlent to aversgo human height, 7.D.)

That cloctromegnotic onorgy -~ mos sibly thr egont of tolen:ithy
wog modo momHnlor bVﬁWW”” writers, includine Upuoq Tincladir vho used
tho title Mental ROC10 in hig 1920 bool: racounting his very extohsive
tolenathic O'ﬁerlqcnua, : The sane yvear saw tho oonouncoment
hy Torecr, thot beoinnine five vears hofore, he had succeded in meogur—
ing the cleetrical activity of the brain, ~nd h-d found that fr e cuenci
of 4 -- 20 Em ~  ebhnrocterigtic normal bohavior, ond that cortoin of

the Iroquancioa corvesnonded to certain montol atotos,  In 1941, Dr.
Bereer annonnced his avnroval that brain waves worc trlﬂﬂ“t“" axter

renainine hesitrnt for come carsy,

, Flectromagnetic cnergy was also being studicd with resoect to
nerveg ond Dourons ot tﬂi° time. DBeginnine with ”hﬁljlﬂ”on in 1920
and oontinuing i1l 1938, veriouo n u"OW‘v”loIOWl ta had mecsurced the
copacitonece, rocigtonce (11vcﬂ nec) and  obher - . urrgmt NAL -
noters and found that the canccitonce and resistonce were esscentinlly
conatent in thoir velues, and onlv the volitsge voried in the neurons,
TWoch nouron weg connidzred to bohove as o rosisbance (ond loter on
immedinee) in norcllsl with o eonncitones,

Reginning in tho corly Hhirvies Vogilevey begon to oerforan aony
g'ort ~nd long dintance tolensthy -ad guggestion czmeriments., Moot
noticecable oroe the results of on exbronely long distence tost, 1700
Yilometers, in which o ~uhjzet wes lower cad dinto o lsod bottle, yoib
the percinient wos conoble of discerning the stats of the subjnct,
wvho weg unconncious, - Vrailovov ot tho time, 1037, s of the oninion
that cloctroncgnetic rofiation vog & hif“lv innrob-ble szource of
cen wheromena., o did hovever note that the metal bothlae was not
caonoble of shicelding Wwm frocucncer _of tho cosmic roy ronge, or of
shieclding the freousncisg balotr 109 h7, boecruse of their very long

vavelens uh (srooter thon one tilomstor

Alﬁo very ~etive dn this »neriod wes Dr. Rhince nd hisg copocistes.
Rhinc coined the nhrasec ﬂxur'wc'HNOLV nercention vith o tentotive
cg. !

mecning of 'worcontion vithout tha Ffunction of racocnized song
se continuse, fesn is ~oaor.ontly inde menfent of rocogrnizoed cnergs
formg, non-radirtive but »rojcetory. .- all auite NON—-SONH0OTY

cheracteris!

G

tica. " (Rhino, J,ﬁog 1964, 19%4) Thine ~leo voicad throo
Obj“CtiO“' to tha olchromagnotic noaels,  Tirgt, thot elcectro-
nanetie rodistion losco dts nowor, inversely nrovortionnl +o the
sounre of the digtrones. (ibid. » 153 - 175), 8econd, he mentions

the wroblemg of golecctivity immosed by the wnroblen oi cvervhody
tranomitting continuovsly or sinult ncoinly, Third, the obj;ction
ig 7aken, ond well wcde, that oloehronn notis “nnot exnlain th
whenomena of cleirvovonce, vhorae obviously t%ﬂlr iz neither an
ims~c to send; or oven an feont to gond it. dowevor9 Rhine con-
01u630, (ﬂh 216-222) that aon is o biological wheonomons, way beo

inherite an” 'involves tho nervons gvateom ouite s much s doos
oy Ot‘bT cosnitive nrocons, .  Tn wacgine, Rhins lunmo tolo-

7,9 clrirvovsnec, ond wrecornition into onz cotorory, but tolo-

y esis ond nevehic healing into sencrabe classon.
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Turvlgin, in 1937 hod found th-t humen subjocts folt drovsy vhen
exmosod Go low intaonsitr em wowres, Loter, in 1942, he smoerimented
umon the offect of geresns tnd reilzcto g unon o ~u>3ﬂot exnosed to
hvomotic sur~zetions concernine zweating., Turlysin found the the
cgent wos_emitting cloctromcrnatic ensvrsies of 1.8 — 2.1 ma (1.67 ~
1.43 x 1011 1,),

‘I Fa theorv of mgsi wmg nronoaod ?7 Bibbe i@ 1n 19)1 b”noth? i1z
ing that x-rov, cosmic rovs and gomma roya (10 H,S TS Tro-
smongible for gone of the »honononao, RucarfOf, o yoar later, sugroot-
eG gravity ficlds ~nd ncutrinos -rore reswonsible. ‘

Ligeman, in 1951, hod deteetod cxtrencly lov 1T“QUuQCY (3 - Btz )
electrical fields cemrnating fron vhat wore conglderzd to be normol,
thet isa, atvmicel 'olcetric Ticgh, !

Fouromh" iolovint 7, Grey alier commented uron the subject of
Bm ond cov in 1053, He diszcounte” the com modols snd nrovided four
snecifie objections. First9 Wi can coleulate that ther vould £211
below noigc level srithin o fow millimetros from the surfico of
Hig sccond thru fourth objections occur in one »arsgranh:

The sizme of th ~lectricel disturbonces which tha
brain creates arc extronely smoll, In fact, thoey are
about the gizz, within fthe brain itself, of 2 received
signal which ig just intcelligiblce on an everage radio

ct. Morc crucial cven th-t thie, their donminont
f”“ﬂuonClQS are for below the roncoe of radio chennels,
bolowr ewvon the scale =enl.. of audible froguoncics. At
ton cycles ner cccond, tho cve cgoe frecousncy of alwmha
rhvthng, nv eloctromognetic girnal transnitted thru
snace ould hove o waveleongth ol h’“ty million motres.”
| ‘rlter, 7.G., Th: Livino Brodn, 195%, om _252-3.
Tt should aleo 22 mentioncd $hat Grov noted the loct of the mhenomeona
to be sicnificontly attenunted oither vith reonac’ to snoce distence
anc. tinc distance, so he swvarently at the time adhercd to the once-
ngi ' ononena model, |

Following his carlier vork, Lisammn, in 1658 had guccceded in
conditioning Ll”h with currcents no low o wmicrovolt por metor( V m-1)
3y 1960, bagod unorn the wor't of Bulloct cnd Heogiwares, o new songe
orgen, the clectrorece»tor, was identificd ond found to be ohylogoen-—
cally = member of the uCOHﬁIiCO~lﬁt?TaliS cvﬂtoma The basic cloctro-
rocontor rans ginmilar to Tho cilic-in-jeolly sccondary nourond of the
suditory ~vetem, which wrere thon thought onlv for machonocol and
temnerature songitivity, ‘

Rashovslky (1955) docs not at-%e himmel?r dirccetly on the spbject9
noting clgo the obviously non-ohvuical cg» nhonomena, lowever, he
connletely mans out the NCCessa; v ohveicsl conditions nacesgacry for
the oneration, obscrvation and astins of com »nol modoels,. He =oys,
ixnoriments by Tidmnnd Jﬁoob“on (1<w ) indicnte that thinzing results
in moaguroblo ~cction curren'g in tho oxtorncl mwccluo of tho body.
Fuch action curronﬁsg amnll g Thew cro, of nocnoglity create
elrctronoenetic ficlds, Unlikoely oo it ic, it i not imnoassible
thet some hiohl» sensitive nerveg. may regsyond +to these fizlda.®

In 1952 just such on “lLCETgUUHSit'VG rognonas vas obgerved by
Trev, Uging frooucncins of 4-:10%. 3-107 Hz (3 .0m-0.1m) humen
subj2cets renorved o bumzine or cllcking songoetion, only if the
tommor ”1 lobes of ,hé broin were includad in the illuminatced oree,
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Frey hyvothesirzed that the cochlea was involved in the phenomena but
he adds that there is probably more than one electrosensitive site.

Puharich, in Beyond Televathy, 1962 correlates »nsi recentive
phenomena with cholinergia and other physiolosical processes. le
hymothesized thet gravity and "nsi nlasma" were vartly resnonsible for
some of the telepathic phenomena, Because of the Faradoy cage experi-
ments he nerformed he states, "While the exvneriments are highly sugges”
ive that electromagnetic radiation is not the means of transmission in
televathy, they are not means conclusive." He notes that while in the
cage, one subject showed a »Hronounced gasning effcct when 640 Hz ac
wag annlied to the cage. With reswect to the nerve vnlasma membrane,
he calculates that the neuron could be congidered a2 circuit of mega-
ohm resistance, micro-farad capacitance snd 0.2 henry inductance, the
latter fact first revworted in 1041 by Cole and Baker. .

The next year, 1963, micro--oersted, 1.0 Hz magnetic fields were
detected emanating from the human heart by Baule and McPhee,

Yooldridge (1963) commented uvon the telenathy-—emr issue noting
the the difficulty involved was in deciphering brain waves since they
renresented the average electrical strength of bhillions of neurons,
there was no nossibility of unraveling the snecific thought vprocesses.

It is in 1964 that Mancharski states that telepathic communicatior
occurred at frecuencies from infra-low to super-high (10~3 +o 1012 Iz
Although I haeve not seen his thesis, the hynothesis nut forward in this
monogranvh perhaps best corresnonds to Mancharski's hypothesis.

I. M. Kogan, in 1966, hynothesized that long wave electromagnetic
radiation of 26 km to 960 km wavelength (11,000 to 310 Hz) could ac-—
count for the phenomena because at this wavelength the field strength
does not obey the "optical" rule. Based upon calculations, which re-
grettably I have not scen, Xogen indicates that the human organism
generates four *o five times the necnssary signal strencsth to accom—
plish very long distence televathy.,

Two vprominent parapsychologists, Burt =snd Dobbs commenied on enmr
and physical theories of psi in 1967. Burt announced his onnogition
to the emr theories hased unon the objections that 1) the inverse
sauere law diminished the sisnal strength ranidly, and besides the wav
lengths associated with the brain waves (3-30 Hz) were very (too) long
In addition, 2) he calculates that because the observed chenge in the
evoked motentials was 5-50 microvolts, the corresnonding power was
1020 watts., To broadcast the obgerved digtances, Burt indicated that
a minimum power of 10 watts would be necessary. Finally he noted that
some modulation or coding of the sisnal was also a neceosary vrerequi-
site. Dobbs howvever rejects the validity of the inverse square (optic
rule, based upon the ionospheric eifects at TLF frequencies long observ
by radiomen. However, Dobbs questions the emr theéories because the ca
culated field signal strength at the human scalp was on the order of
10-18 ywatts, Kamiya (1968) rejects the emr theories of telepathy of
esgentially the same arguments as Burt. '

In his Blectromagnetic Fiells end Life (1968), Presmen reviews
the comvlete history of the studies of sensitivity and emissivity
of electromagnetic radiation by living orgenicms. IHe acknowledges
bio-information transfer by emr fields, but is care not to deny the
phenomensa while criticizing " the varapsychologists and their methods.
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Tt is in 1963 thetthe 2lechtromasnetic fislds generated by ELP
brain waves are first observed by Cohen., Using a cryomagnetometer
5 cm from the gwull counled with contact EEG electrodes, Cohen found
thet the brain emitted B1f a4 fields of 2.5 10-8 gouss, 2nd later work
showed that the skeletal muscles emitted 1 - 100 Hz dc fields Qf
10-7 gauss.

Barly in 1975 Persinger hynoth681zed that the 7.8 Hz frequenpj

associated with the first earth-ionosnhere waveguide resonance 1is the
primary carrier of telepathy. In sddition he hjﬂOthe izes that
magnetic fields should inhibit the vphenomena, as well as noting some
slight west-east wvpronagation differences. In addition, Persinger
has doune some of the most comnrehengive exverimentation and reseﬂrch
with reswmect to the bIhﬂy.lCTl effects of ELF and VLT elcechromagneti
radistion. ‘He renorts the TIF brain wave field at 1 - 10 mV* m”

In mid 1975, Blﬁu calculated the emitted brain wave frequency
fidld strength as exceeding the microvolt ner meter level.

Puthoff and i$rg, in work comnleted in November 1975 and publishe
in Merch 1075 discuss the FLF-telenathy hynotheses and reject  them
under the considernations then that vhile the attenuation of the field
strengths over very long distances were very low, BLF could not ac-
count For the nrecognition exveriences recorded in their remote viewin

exveriments. The¢r secoaq obgeColon to BLT/VLT conperned the (reporte
chﬂnnel cavacity of the band as 0.1 bits. sec—l at meter rorge distan
eg and C.001 Dbit - se¢™at 4,000 km range. The above authors annarentl
aﬂhere to an only-one-psi phenomens model.

h1° Verv hrief higtory of the issue hon(‘ernlnﬂ the hvnotheseo
and cownter hynotheses regarding non-nrecognitive 'nsychlc' nhenomena
is nresented an introduction to the question which is dis scussed in
more deteil in this monogranh, Some historical nriorities may have
been migsed in this introduction but have been corrected in the text.
Qur monogravh is the collection of the work of many researchers over
meny years, the aut thor has merely gsynthesiged it end therefore defers
to all those mentionsd herein any claim to originelity or priority.

A technical abstract of the hynotheses anpears on the next two
nages. L

i
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3. SEISITIVITY ‘ND 3ap0M3E M0 oIV

Tw: worious ovhenomens puch ~g “nlowathy, eloirvovones and »re-
cognitvion arc c¢~lled oxtro-pons 0Ty mor ckvtlon by wmavchic roscarchors
nrim~rilT in Testorn Buronn and Forth “m“rlcw; vhorn g the some nhe-
nomens ig er llﬂﬂ bio-informrtion nrimorily in Zrst Jurons -nd the
coviet Union. In pnart, tho studv of the nhenomona hag been influcnced
by what it hog boon called,

Althoush Purion in 1870 uses the teininology “oxtro~gensuous per-
cention™, its nresont wmeaning os vonuls rlyv understood, is coincd bv
J?7Rhinc to describe pswehic wh cnomona o non-gonsory mﬂd annvsical,

Lt thoe time, Rhinc included the nossibility of the whonomona being
scnged by on as yob unknown gengory worcention; unon other congidor—
ations ho rojects ony Poixth Oonﬁo" hvnotheses.

- Clearly “0”“v“r9 before ~ny ohonomena may be chorocterized os
NON=ZoNEOryY O 2XLro--20naory, ~n cerovinction of geneory norcention
nor se must show thek foncory mercantion is inasdourte.  This io vory
immortont since the quotrtion o~% th* introduction of this monosgranh
gugzcats that sonsory ag well oo axira-cong wory warceptiong oonear to
behove olike in the region of moreinsl sonsitivity. It shall be shown
in this chanter that not onlvy ars there ~everal recnmbors conanle of
reamonac to oloetron- ﬁnnswc cnerging, tho “WOWicrLions of clogsicol
nsychovhvsica Foveal ~overal normol modos of aenso: 7 wercention vhich
facilitnte tho alwctTOdencnlc reanonsces.,

The rolat 1onpn1" betweon the intensity of ~ ctimulus “nd the
gubjrctive intoncitv of regmonne wog initi2lly invostiszated by Joboer
ond Peochner in tl“ ninctoonth centurv, In scncoral, o vaﬂcuod the
ponertion incrcased ae thoe intonsity of tho “tiﬂulUF incrcasecd. Tho
corallary of +this 1nvw states that the Ju st-noticoablo~differcnce in
stimuli wes o constont numoriccl wolus Tor a given innut intensity.

(3.1) dRr - {na) (TTeberts Law)
: R
»
(3.2) S = k log ; o, (Fechner's Lar)
vhere k,o = conntante
R = gtimulus (Reiz)
r - Limin2l volue of gtimu’ s
a -

gonsation

Coraful congiderstion of the logerithaic roleotionghin botwoon
gtimulue ~nd res-onzo indicat~e that 1) thers iz no such »henomena
a8 o 7zero-intensity stimulues, and 2)eonsobion bolow the li-wen (thros-
hold) is thooxetlcwlly no3rible.  Juch gub-«conscious os aublinmincl
con’itioning, ar woll o5 momorv of ~vonte cond cliouzly unattendad +o
ir carsnical maveholosic -l I“ouo,”»~7-'

w Fig 2.1 TPechner's Lo

-~

: N = R
7 D=k log.; @)

[ I G IR ]
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Yy Mofinition, tho rolotive thrashold i thet sbimnlus intensity
iich avokaes resoontio 50% or wore of the time, Ainil-rly, the rboolute
thvu7ﬂ01d ig th-t stimulus intoncitvy which f-ile to ovoke reenonsce in
29% of the test trirle. Howvover, the fbsoluton ss of these threholds
cn be cnrlled into question éuc to o Gaussgicn distribution of individ-
url's mensiti-vitics, Verious studics show thot in individuols the
thrasholds moy vory from o5 much = 5 to 15 db from the coll ctive
threshold ot nédrrds. In voﬂ"lng wo note thet the moscessor's of some
navehic cbilitiss rre sometimes roferrcd to =g Ygscn ultlfeu.'"

In ~ddition to the intongity of o stimulus, the threchold of
sonartion ig ~lno o function of the duration or novolty of tho ytlmm
ulus., In egcner:l, incrﬁ"sing the durrtion of the tlmuTu" lowers the
throshold for aonsation; however, there io o ﬂoin+y colled tﬂﬁhlhbo
baan, bovond which 1ncroa~ing the dur-tion lowoerg the threshold
further. The combined offcets of diffeoronti~l gonsitivity -nd thh
durntion threrhold mhonomona rmroly contribute hovvror to mko morc
then 5-15 db goin in sonsitivity of ~ny givon individurl. Tho it
should be oddod thot thot cmount of goin ig sufficient to moke the
dif"erences meoningful. '

lOQ! \\ Fig 2.2 Ty»icol strength-
: durntion curve.

s\

o . T

0.01 0.1 1.0 ~10.0
: Tine (mscc)

Relfti“' ~leo to the cucstion of gengivivity ig the obe-rvotion
thet the -~ ility to »nercoive o given ciennsl vhich is immersed in noise
incrangcs ~@ the souar: root of the numbor of observationsof thot
signol. Altho this dous not incroosoe the throshold of geongitivity
borond its rolative or ~bsolute v luo, swati-l summﬁtion9 ~z tho
nhenomens 1o enlled, incdic ton thot providoed = stimulus ig sunro-
threshold, tho mors frvouontly‘aﬁhﬂnomvn“ hog boen observed bhefore,
the oosier 1t ig to detoet vhon imbodded in neise or distortion,

)/
b 3 honnd - .
(3.3) Gag = 10 jogig n?
where  Goqgq = Grin in decibels (db) snobisl summation
* n = Totrl number of obgervations

Tor ox2aple, congider t ot there cre 31 million scconds oer year.
het is the thoor@tic*l g in for gnrtinl summ~tion for = twenty yoar
0ld acdult for o~ 10 Hz signel.

(p 3.1) = %.1° 107 scc T 20 yorre = 6.2 ¢+ 108 oac

yeor s 20 "i_;:';:‘“‘I‘S
= 10 rmverorng % 6.21907 sven = 6.2:109 yoyetorns
1 20 years 20 ybsrs
n- o=
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I B
? !

lorly, whot is the canatisl suction goin for the soa
7oglrncl? '

T
£

yimi
for a 108
8 v 2.8 o
(D 3.2) no= 6,20 10% se¢ ¥ 10° vwoforis/soc =
1 6.2 1016 waveTo ne
n” = 2.5. 108

Ggey = 84 ab

S0, 3.3 therefors, is onc of the oquations which relitor nor—
ceotion to lerrning. Rolovent 4o telepathy, spatisl godin allows
the morcention of signals vhen imboddod in noise duc to crovic or
noige crortod by notur-l or ortificel sisnnl generators hoving ficld
strengths Aubstontislly ere-ter thrn that uvon the seme corrier
fraquoncyﬂ Snotisl sunmotion thon ebs like memory, ~nd in fact i
onc of the sub-vhenomons which m-%os un +tho genocrel phonomona of
mnemory,

Therefore, the throghold of soncstion connot bo 3.1id be be 2 cut-
"nd-dricd matter of a swecific numericnl volue of stimulug., Tor it is
not only truc thet tho volus of the throshold mey chonge devondent unon
the longth of nresontotion, 1t rill vore co well dovendent unon tho
fomiliarity goinod by vrevious nricontotion., In »ddition, thers ric
some mhenomonn vhiclh “ro nercoived golrly bocruse they revresont o
single discrote ovent. Prosont-tion of the game otimuli in o gerics
sometimos doos not ovoka anv roononss, ,

, 2ocfore wan lowe this introduction to percention nor so, it boars
revcated emohrgis that the ~holo noture of hrogholds ond nercontions
includes the vhenomono of sublinmin~l conditioning., Tor it iz of grent
innor*rnce that cubconscious regmonso oceurs to gublimin~l stimuli,

If wo romomber th-t the nature of throcholdg is ofton dotornined s
the verm-1l resnonas of ~ gubjoct, tho noture of +the thronhodd i Co-
termined not by vhother or not the o bjeet im offeetod by the gtimulus,
but rother, if he is conscious of it. It is now vid.ly Tceovted thot
nuch of men's behovior iz mubconscious, h2 in not avsre gener~1ly of
how he dows whot he doem, Conscionsnoses renreasnts only thoe tin of

the iceberg. The nroblems c-us-s Sorokin 16 nots h~t thore ars two
gchoolg of thousht, ons thet scon conzciougness 8 the meetor of beins,
the other to suc consciousnoss =+ tho sorvent of voing.

Lastly, as far ~g thig general introduction to sensation and ner—
ception is concerned, it must be noted that altho a given stimulus may
be objectively classified as to nome intensity or quality, tke nature
of mperception is subjective and agsociative, Tor erample, in one
recent televnatiy experiment, an imsge of a farmer with a nitchfork
resembled to +the agent who drew it,the mythical figure ef "the gevil,"
however, the wercipient whose culture differed from the agent's had not
in hig vocabularv the notion or symbol for “devil,”, but instead re-
ceived the emotional agsociation of somethine religous, and so drew
instead a figure of onnosite meaning, ie, the tabTets of Moses, still
however correctly "religous. " (Targ and Puthoff)

Similorly, in a study renlic tive of Penfield, Sem--Jacobsen et al
had »laced 2652 electrodeg in 82 surgical wmatlents over a period of ten
vears, Altho no resvonse was elicited from 1065 electrodes, about half
of the remaining electrodes (805/1587) produced singmlar and discrete
regpouses, Of interest to us is that of the other half of thoge elect--
rodes eliciting resnonsen, multinle associations were produced. Tor
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examnhle, T“ﬂ elnchrodes elicited visual resnonses, of which only 42 were
uniouelt wual, *the ramainivg 52 regnonses ere visual, ith the follow-
ins m”T"'vle agcociations in order of vrevalence; sengory, mood, motor,
V@”@G”lee, cardiovegeular and concciousness. Congiderinﬁ the oft men-~
tioned immortence of imageryv in »gi »henomena, the onnurt u01ry for con-
fusion ond embiguitvy is reatily oboerved (oem Jecoboen and Styri, 19371)

Tet us also mention, in »assim, the »henomena of 3?““uov10ﬁlwno
and paradoxical cold, of which more loter.

There’ore, there are 'Tnur levels of differentis
this nrocess: first there ig sensation, by which wo g
ifiable mromnerties of intens 15V and quality; second th
which mav ‘be uroon“01o”a or conscious; third, there i=n
which we mean here, the conscious avereness of sensged
there is 1nvervivrﬁtion anc. cdecoding.of the nhenomena,

ion concerning

21l mean the object

1ere is sens ablon,
vercension), by

t1
511
X
i
ion; and fou+th

3.2 SEISORY CODING

Our human bodien are an ensemble of masses and energies, and our
environment is also an ensemble of magses of various qualities and
energies of variovs frecusncies and intensitiegs. Thus we and the univer:
are subiject to the interactions of magses and energies, according to
the lawg oFf physics., 'Then we are acted unon by the universe we are im-
bedded in we say that in the environment is on gtimulusg, hich may
nroduce in us, & sengation, vhich is not necessarily an avareness.
Throurh the ololonlcal evolution directly denendent umon phvaical envi-
ronment, gener:? llﬂcd and svecialized 'recentors! have heen created in
orgenismg, w:iich thru selection allow an organicm to anvnropriately

esnond to that environment and survive,

Altho we chall soon discuss the verious recentor nhysiologies and
mechenismg, of sunrsme imworvance iz that vhen 911 the various mechanismg
have <one ‘their intermedisry functions, what is produced by the gense
recentors is on information or code which is 2 map of the stimulus that
produced 1t. That i1g cocded in gensory nroceans is information ﬂbnut
vhat kind of gtimulug is there and Mow much.

"he variavle involved in bODﬁv and smell is the concentraxiom of
a given ion or molecule, which on the cusntum biochemical level 1is
eguentially electronic and therefore a2 finction of some electromesnetic
frecuency. TIn heerins ond touchinﬁ hoth 'mechanical' gensgeg there arve
two varlﬁblesy the intengi- y of the vressure and the Jreauoncy of the
chan~e 1in That »nressure, imilarly in electrorecption (BL™, temmerature
(infro-red and vigion)) the stimulus also varies in inbenolbg and
freouency.

Mo, once a avimulus isg sunerthresghold, =2 current is generated in
that recentor, called the senerator potential, vhich is o oraded response
to the agtim~li. This groded, that iz , vorieble potential is then syn-
antad into the afferent nervous sysbtem, whose neurons create an all-or-—
none notential of constant voltase, (viz lodg :ins-Tuxlev model) such
that what is transmitted by the Mfferpnt neuron® is a code baged uvon
the frequencyv of 1m~,31_1lsea' conveved bv the l’LeJ.LOI’l;(anf‘ this is Uwiﬁemelv
imnortant for the reeder's uncerstanding )amq no+t the voliage of that
immulee, (e mention thig for *he= V?rlable voltages geen in brain-
rave notentialg is “the statistical surmation of the constent notential
of a varving number of cortical and inter-neurons. )

A
[
f‘(

S
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Of the anm»roximatelv ten to trenty billion neurons in the humen
bodv, only =about (.1 billion sre offerent sensory neurons canable of
nroducing graded generator votentials, The two orimary sources of
human bio-information are vigion, wn1ch 1~ elecoroacbmetic radietion

between

the frequencies of 4 - 7 X 10 - Hz, and sudition, which is

mechanic=l oscillations between 30 H and 24,000 Hz. The nature of
neuronal res»onse ig guch that most nervee are tuned, eith wilely n+
narrowlv to a snecific frequency, such that when a2 neuron is activated
the omecificity of the neuvons eutomaticelly, and ucually, uniquely

is addressed with a specific hond of frequencies, guch that the

messoage

encoded is the intensity of the stimulus acting u»non the al-

ready frenuoncy~gnocifio neuron.

In qdrltlon, the brein, where the afferent sisnale have their
deutlna“lon, ig arranced tonotovnically; that iu,“ ,oe01f10 freouency
(bono) is located in ovlv certain allovable sbtructures of apaces (topo
in the brain. Several such tonotopic mannings hace been obverveo as
for instance the cochlear nnrvu, and the central auditory onF]vvcr

in the ecto vl¥6 pi yrus,  See fig., 5.3 o in KHgz
£ in %H T A R 1002 ..
]}.].e_s.. ';(')7111 d'b ’-\_\\ : L 14_ . O’ :
/ L 8 mm - 2 ? . /O/"/// ’-\l
Mok B 36<ﬂr LN , 16,0 - }
10560 db s 038 acs b M |
LS I s d
Vo ylv1m§ ~ N ’ L R
ey yrus - o

Now, ql'bho the frequencies of the aualfory ond visual stimuli
are resg neotlcelv in the KHz and 100 THz ranges, the frequencies at
which both the gene~ator and action pOuenflalu operates are tens to
hilliong of times leﬁs frequent than the in»ut stimuli. Thus, the
generator ﬂotentlang wvhich may be added tog etner, have no refrqc+ory

veriod,

but a pnike duration of 1-2 moec ig de Tacto limited to fiving

frequen01eu no greater than 500 4o 1000 Hwm, Sinilarly, the conatant

voltege

action notentlﬁle have refractory neriods of shout 1 msec and

80 are al<o limited %o firing frenuencies bhelow 1000 Hz.

Since, as we chall shotwr lad

jer (Cf ch 5), that neurons firing

below zay 500 to 250 Hz do =o with inducitive reactance, ELF eclectro-
magnetic fields are created. Of immwortence to our study of conscious-
ness and telepathy, »ractically all sensory information ig created inte
Tfreguencica in the ELF range.

The nature of sory trensduction is this: a stimulus of a give:
intengity actw ubon an afieTGA nerve, wihich is a membrance which

conducts

ions, The larger the intensity of the rilmuILU9 the greater

ig the membrance area aectivated, and since this means a larger flow

of ions

and elecwvrons thru that membraﬂco thisg determines +the amn-—

litude of the the gene ator notential. The aaplitude of the generator
notential, once Uynnnmod (either e excitory or lnhlbluory), determines

the frnquenCJ of the action potentialu., See fig *./ below
peak 100 C e e output 80 -
amplitude e freq, i ///
of the s impulses ya
61’1@1‘81’0;‘ /'/ per 40 o

ho+enb1qi
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Invenstiontions hove been made releting the intensi ¥ of whe in-
»ut otimuli So *the freauency o ﬂthu* Tor all of the nsense modalities.

Stevens hynothesirzes that the sensory tronsduction ~rocess follows o
notrer law, ie

=z
fo = ax Fn .4
where fo = ontvut frequency
| arhl = dynenic Adischarze regnonce to stimulus

- gtatic dircharge rate,
hen 3.4 ig revritten, we see that this ig ainply a form of
bxd
log £5 = (n log xtlog a) = D | 3.5
the Weber-Fechner lawm relating sencation to stimulus, exce here

ot
she relationchin ia the frecuency of neuronal outnrut to the stimuluo
intengity. Altho most tran~duction nrocesses follow the power larw

over 2 certsin rance of invut stimuli, it has been hynocaoﬂ zed
(Linetrz) that the tremsducition procecs is better descrived by

} - )

fo = tanh x (hynerbolic tangent) 3.6

Since, a2as e gholl ghow, the creatent mc]or',V of outynut fre-
miencies are betyven 0,01 Hzx and 500 Hz, some mechanism nust provide
discrimination for all the messages crovéing this given band, winich
‘becouge of the extromely lovr 'FGGUﬁac’ O, have a limited chamnﬂl

cenacitr, Tn »n-rt t ig identification comes from the ponen vhich
ig generally unicue for o given sense modality. OF 1mpor'1nco ig that
these exvonents cexhibit values sencrally indicative of the oft

observed vronerty of differences duc to orgenisn individuality. A
corallery to this would bhe that there ig probably no universally
compnilable frecuency or waveform ’iotionary,for ~ome phenomena.
Table 3,1 ig an arrangement of the various observed pover 1'w
J_,

xnonents ~g comniled by Stevens and by Linetz from 2 large nuaber of
investigations comnleted on the average, since 1965,

TARLE 3.1 - Pover Law Xzponcnios

0.10 - 0,18 Jeritoex ")O'tG‘YlblOl 1.0 Cold on arm
0.21 1light intensity av, 1.0 Vigual length
cortical »otentinls 1.05 )UcLouo mvy, of 1[ subj.
0,33 Brightness 50 targed 1.11 - 1.97 3
0.52 Av. cort. mot. 200 Iz 1.1 “Thite n01uo duration
vibration on finger 1.1 Vocal effort sound pressurs
N,62 Same oo above, 50 Ha 1.1 Static preosure on akin
067 Loudne=rn 3000 Hz tone 1.20 Denolarirzing current for
0.5 Smell - hentane 630 nm
0.67 Denclarirzation current 1.5 Finger apan
ontic nerve at 550 nm 1.45 Heovinegs— lifted weinshits
0.7 Proijccted visual arca 1.47 Citric acid -onc subjcct
0.715 Intensity -~ lizght 1.5 Tenmerature-warmtin, on arm
0,735 Intensity - 680 nm 1.5 factual roughness
0.8 Tactual hoardnens 1.7 Force of hand gsrin
0.85 Citric ncid one gubject
0.89 TIlluninatvion 3.5 Plectric shock- current
0.075 Ligh*% intensity 620 nnm thrously fingers
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Although the maximum firing rate of a given sensory afferent er
motor efferent neuron is limited to frequencics (usually) below 1000 H;
either because of refractory nmeriod or spike duration, it is also
undergtood that stimuli change ranidly, so that the actual signal is
usually limited to only a limited number of waveforms in any given time
interval. The various coding/transducing nrocesses provide several
different modes wherein the frequency of ncural discharges provide
unidgue and unambiguous information about the gtimulus., TFor examnle
in phase coders (T-tyne) or latency-burst diswersion coders (D types,
a given neurong' outvut frequency is relatively constant over any giver
long duration, lets say 120 impulses »ner second. The coding occurs by
the mechanism that the discharges vary from their normal interswike
interval by only a fow tonths of a milli-gecond, the information thus
being a code baged uvnon the nhase or earlincesgs-—latcness of a given gpil
with resnect the the average intersnike duration., Bullock, from who
the above coding schema sre credited indicates that at least two
additional codings occur: one, a probabilitv coder (P-tyve) which
produces snikes in a quasi-chance manner, snd two, a burst coder (B-tyr
wnich wroduccs snikes in clusters of varying number. (Szabo and Fessarc

Once a stimulus is superthreshold, a signal wroceeds into the
brain struchturcs by varions multivly-synapted affercent pathways. Once
in the amnronriate cerebral atructure the incoming information is
processed in masgse, »roducing “he vnhenomena of averaged cortical
resnongses, It heg been shown that these average cortical potentialg
have almost uniouc waveforms for the given scngory innut. The average
votential's voltage amplitudes vary unon the mechanism of whether or
not the apnronriate neurons fire in phage. When neurons or a given
constant voltage and given outnut frequency discharge, amplitude
modulation (ie of voltage) is a function of the phase differcnces
between those neurong,

For examvle, in a neuron firing at 60 Hgz, there is one gpike
every 1/60 of a sec, or 0,0167 sec. If snother neuron, regardlegs of
its output froguency delivers to some cortical ghructure an immulse
that arrives simultancously with the above 60 Hz froquency, the two
waveforms, much like oceanic tides,crest together, amnliflying the
voltage of the thus averaged cortical resmonse. However,  should the
two (or threec, or n) sisnals be out of nhase, varying degrees of
additive or subtiroctive construction will occur in voltage amplitude.

Consider then that the megsage or meaning (not the information
g we shall later specifv) is function of seversl factors: tho aengory
out-put. fregquency, all usually under 1000 Hz; the nower law functiong
of the modalitieg, vhich discriminates but their rate of change, (that
ig growth) thae modalitys and the amnlitude of the averaged corticnl
resmonges, a function of “he vnhage of the inecoming froquenciocs, .

The following is then very illuminating. Anmnlitude modulation (AT
is a function of vphase. Howecver, the time rate of change of vhaso,
that in itc first derivatioe, is deerces ner sccond, that ig froquency.
Mow, in addition, *he wayeforms arc ftransicnt, gro-dng and diminishing
ranidlv, and the freouency also changen with resncet to time and the
firgt derivative of froquency is change of freucncy ner time, or as
we know it, freogquencv modnlation (FM). Therefore, the 'message! in
a function of phasc, the first derivative of vhasce, which is irequency
and the a2cond darivative of nhasme, whi%F ig frequency modulation.

' A A
Message = ¢ = 52 % Xg‘
u N
(AM) (FR20Q. ) (F11)
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Tor tho ankte of gimnlicity, Tthe cocfficlor F\ neve been el}mln“ted
from Bo. 3.7 , but it ~hounld be uniferstood that in any given 'meosags

4 . ’ e . t
thoe coefficiont of anvy térm nay be mero, limiting that ke gnget to onl;
onc or #wo of the »nogsible threz commonants.

i

411 of the sengorv cndinsgs we heve goon, or ¢hall soc, are Some
veristiation unon frequency no~1nh, yet therc ig enothev 2Nt to the
codings vhich illuminﬁta the nature of vercention most noisnantly.
Moat of the codinrs we shall exanmine ere continuous, thot ic they mav
heve eny value fvom Hhae m-nlmum to the meximum for that'givenlﬁensory‘
moﬁﬁlitv, el thomo of olfaection, and merhonsg come others tiat bhave
not yet Boen investicoted, . -

Huches ob al im»lanted sloctrodac into 23 nationts during ortho
neurocufﬁerv ~tandardizod aiwosnheric solutions of variour o@orantg
vere administercd to the mationts and reghongses verc recorded from the
nlfactory bulb, and ecmysdala of the con=ucious cubjscts. The réenlts
can onlv be dageribed as evo]utionwry for what Huches and hig co-

L‘

L

workroers had found wag that odor cunlitieg wers recordﬂﬁ into specific,
that is d ccrﬁne frequencies, rather than a wide band of £ ‘equencics.

Altho riome of the lines reswonded to more Tthon one stlmulﬁnc, it could
be =aid in goneral that only very specific frequencics were allocated
for very speecific ofovant ocualitizg, the regult being that some conpor:
coding wag ag nccurats and ag snecific as emiscion or absorption lines
from gtellar gwnectra. Here it can 3b gaid ic cpec:Cic ovidence for
a dictionery--like freoucucy code of scencabion. Table 3,2 liot o the
mejor freguoncy commonants in ¢ 0105 pur second, in a human olf aot01y
bulb. (J.R. Mughes, et al)
' Teble 3.2
: Olfactory encectral Lines
Odorant

Menthone 30,3 16.0 51.6 57.3
Pennermint 25.8 30,73 : 51.56 53%.3 65.9 68.5
Bugenol 25,4 30,3 50.6 51.6

additionnrl common lines occur at 70.8, 72.9, 73,9, 75.8
~nd 79,9, with comnonents hicher than 140 IIz being very rarc.

Lot us conclude this section on gensory coding by showing two
diegrem=, The Ffirgh, fisure #3,5 shows the outnut froauoncy of bone
joiht nosition recentors, ond the scecond, shows the outnut lruquenoy
of a muccle stretch recentor. Although the reader is asked to VOTLfJ9
as ¢ shall later show, “hat audition and vision outnut frequc mcics
do not exceed 500 ir, tho following di}grﬂnv are added cvidence that

10N r tout fro AOT BXCIC N - ‘
no ao¢ gorx_gutnh? froguency excecas 500 Bz Muscle load recevbor
Bone joint recentor e

imhuloes . |
TIIRLSeE1 00, jrd
1:) er [ /,,
second

20 \ Jhh ," A\ \ 50 , ”/!‘/
| ! \/{‘\;1 /ﬁéﬁ \ !

~o

imnulses
ner
gsoccond 30

|

;A | \ l

/7 LN % T

) 91509 180 205770 0.5 1.0
#nint DOalthﬂ logyn load in grams
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5.5 Electroreceptors and the Acoustico-lateralis System.

Although it is nopularly accepted thet there are five senses,
ie. smell, tagte, touch, audition and vision, rccent physiological
wvork has identificd many additional sense modalitics, including vnain,
carbon-dioxids and gpecialiged clectrorecentors. OF intcrest to the
tonic of scnsation and nerception is the fact that a given mhysiologic
ldentifie” sense orgen may resnwond to more than onc invut gense modal--
ity. For instance, prescing the eye lightly creetos visual "vphogphene
imngeg, whercas certain main and thermal receptors in the akin regpond
ag well to presgure. Additionally, vain may be verceived by injury
in arcas in the skin which are not imnervated by either touch, pain or
thermal receptors. -

In this pection we shall demonstratc the existonce of specialized
clectrorceceptors, but it is our additional thesis that all neurons and
some synenges arce clectrogcnsitive., Congider, for instance that that
which we call taste and smell is reolly a function of given ceoncentrat-
iong of iong, which them-elves are clectrical charees of enecific
nolarity (valence) and freocucncy. Similarly, that wvhich we call hear-
ing occurs - when a mechanical vibrabtion acts unon the cilia in the
organ of Corti, it is +the strogs-strain mechanical energics of the
cilia which create. heat (infro-red) vhich stinulates the suditory
neurong; the gnecific meehenism ig called pieczoelectric, Thermal
rceentors resnmond to "heat”, but that which we call "heat® ig specific-
ally infre-red elcctromagnetic radiation. Finally we shall not belabor

the noint that vision im the responsc to electromegnetic radiation
in the “visible-light" frogquoncies.

The gwecific electro-recentor organs as described forewith arc
all revealed from rescarch in ordinary and elcectro-gensitive fish.
However, gince our thesisg is specifically electromagnetic recention
in the ELF bands and the 25m to m bond, the recader ghall keer in mind
that these electroreceptors are nert of the acoustico-latoralis gyatem,
of whaich *he cochlea snd semi-circular canalg in men have evolved,
and alzo closely resembles the "acupuncturc noint svstem! both shown
to be electroscensitive,

Leydig in 1851 had studied the lateralis aystem and concluded a
sensory function for the organs., ILater, Schulze, in 1861, had hypo-
thesized that the cunulsc of the system were stimulated by 1) water
movements directed acainst the fich or amvhibian, ond 2), low freauency
vibrationg (sound) in the water. Sand, in 1938 demonstratod thet the
amnullac (ofyLorenmini) were infra~red gensitive. In 1955 Henscl ‘
confirmed Sand's vork and extended it to show the gimilarity with
mamnalian thermo-recentors, .

Ligsmann, in 1951, had discovercd a low voltage 0-330 Hz steady
discharge from electric organs, end later succeded in conditioning
a gnecics of Tigh to microvolt ELF fields. Bullock ot al, in 1961
hynothesized that the speciaslized clectro-recentor organg- wverc derivati
of the lateral line gonsc orgens. (FESSARD, 1974, cd.) -

The snecialired lateral line organg of wvhich vie #hall goon gveoak
occur in IEntegration with the ordinary lateral line systems, that is,
not in substitution. Tt should be mentioncd that species not contain-
ing the SLLO rosvwonded to electricrl Fiolds of mV intensity in the BLF
range.
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There arce three basic tynes of lateral line organs. The Tirst
are the ordinary LLO, second and Tirst order neurons capned with micro-
villi, in general only mechanicelly sengitive, bowever, still niczo-
electric., ‘

Amnullee, viw ampullae of loren~»ini, are canals, usually lem long
by 1lmm in diameter, filled with an 2cidic muconolvgaccharide, and ere
directly connccted to tho enithelial layers., The wall recistance of
the canal ic 6M 2 "cm?2, with a canacitance of 0.4 ~0.8 wR.cm™2, g
jelley however, has o resistivity of 25-31 f.cm, end a comvosition that
Verics somcvhad mmetially, but in poncral is, in mM.kg=t Hp0, a(2) 44F
ca(2) and Mg(2) 50, "1(-1) 580, K(1) 12.5, ~nd urca 75 (MURRAY)

The amnullae occur in meny varieites of fish eand amphibia, In

gcneral the end organ is 10-15 ym in diamter, with groups or clusgt
crs of 10=50 amnullaz wer organ. The dengity of the organs range from
12-80-m™" | and mey number & total of 40,000 in any given gspecics.

0f specific intercet to us ig that the amnmullac resnond to field strens
of 1-15 W.n~1 1y and only iff the input frequencies are low, that is
in gener»l, less than 300 Hz, and most often, less than 50 Hz.
_ The third tyne of lateral line organ ig called tuberous, and ig
found only in weakly clcetric fizh., The tuberii are lecated in invag-
inations below the evnithelius and surrounded by sunportive cells. The
tuberii resnonded to ficlds of 4-20 wV.m—1 of high frequency, usually
up to 1000 He, spccifically synchronous with the clectric corgan dig-—
charge of that figh or of clcctric fich of the ocame snecie.

Figure 3.6 shows the comparstive nhysiolosy of the threc receptor
organs, - Ordinary latcral linc 2lectro-rocentorg arc inncrvated by an
efferent neuron, the amnuallaec and tuberii arc not.

@.CQCHLEA AMEULLQE : TUB"RII
//il;_i _\ » !fvﬂu“;“ l.' /?;,%% ;\;‘ﬁ
(\ \ ,f/;_;,;, 5* e (“ j—%\éj /
affereﬂ%ﬁff;ffefent . 44{ /?;/1 \\if&krjfi

Svecific electro-gensitivity was dewmongtrated by Dijkgraaf and
Kalmijn (1963%, 1066, 1971) in a scrics of oxperiments cmnhasizingboth
electrolocation and conditioning gtimuli vhenomena At first they
noticed that dogfish rcsmonded to a 5 Hz 10-5 V~m"‘i field by a twitchin
of the eyelids, intercstingly enough, when the dopfish werce drovsy.
(Altered States' rcgcarchers, take note!) Later they noticed that when
the BCG wag monitgored, the heart rate slowed from 1 Hz to 0.7 Hz when
gtimulated by 10-% vem=l fieclds. TLatc in 1965 dogfish were traincd to
seelkk food with a 4¥10-5 Vem-1 ficld, In all casco, the resnonscs to
stimulii or conditioning ccased when the amnullary nerves were sectionc
cven when the fi»ld strength was raisced 30 db (1000 X). In addition
it was noticed that the d%gfiSh naturally avoided arcas where the field
strength was 1- 0.1 mVem™+,

Threc types of resvonscs to B fields were noticed., Thoe first
reaction wag a,tiitching of the body or anncndage, usually in resvonse
to 10 - 1 Vem™~ficlds, but gometimes =g low a2s 10~ Vem~l, The sccond
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resnonse tyne is galvenotaxis, 2 turning into or normondiculsr to the
field, The third resnonsc tyns ip galvano--narcosig, an immobilization
of the tecot subject.

Final prool of swnccific clectrogensitivity was orovided by Kalmij:
who scouesterced a flatfish 'nrey' in send, and with . other controls
excluded vigual, mechanical or chemical clues, vet the gharks and rays
were able to locate the flatfish., Extra weight is added to the cviden:
when an artifical currcnt similar to that of the flatfish nroducaed the
game location results,

Figurc 3. 7below ig an adantation of Tnable2 ( in Kelmijn (1974),
which »lots the clectrosensitivitics of the various specics tested by
numerous aunthors, Two tynes of cloctrical cnergy paramcters were
nregen® at the time of testing, one being ficld strongth, in volts por
meter (Vem=1) ang thg other being current dengity in ampercs per conti-
meter squared (A-cm=2), Curve fitting roveals that the reclation be-
tween the two throshold narsmeter is

(3.8 ) log Vem—<d 1= log A+ Sm—< 5.0

Figurce 3.8below shows that in sharks and rays, generally congider:
weakly clectro sensitive, the relation between current density and in -
put frequency reveals that the threshold increascs as the froquency
increascs, a rclation which ig also obscerved in man (Cf. 3,6 - 3,9).

O - -
log" coL
Voltes per >
meter - »

-4 ’
-6
-8

=12 =11 =10 =9 =8 =7 =6 =5 -4 =% 25~
loglo amperes mer centimeter squared

Although snccific electrorecenption has been demonstratoed by Ligg-
mann, Bullock, Kelmijn and others, of specific interest to ug i that
the ampullac have been demonstrated to bo widely receptive to obther
clectrical and para-clectrical vmhenomena. The reader ig reguegted to
study the following closely, for what has beon demonstratod in the
amoullae of figh has also boecn obgerved in man, that ig both wide and
nirrow clecctro-regnonsc.,

Here the work ig primarily duc to Murray, svpocifically on the
ampullac of Lorenzini. Our intercst in this organ is due to the fact
that it ic widely digtributed in vertabrates, and its response to
electrostimuli is a tonic, that is fregquency coded message, whercag
the tuberii, found only in fish poscegsing EOD, rcoanonded with phasic,
burst—-dispersive andtonic—vhesic rodings.,

Figurcs 3.9a to 3.9b bolow show the following responscs of a
single unit of amnullac, In 3,9a the innut nerameter is voltage and
polarity. Notice that the organ hag a digcherge rate of about 30 Hg,
and the outnut freouency therofore codes volarity and intensity. Notic
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also the

3 kHz).

(infra-red),

outnvut froqucnciecs in all

0002-2
22

cagus are in the BLP range (3 -

Figure #3,10 shows the roovonse of the game unit to temperatu

while figures %11 abce

record the resvwonse to prossusc

and touch (viz the niozonlectric offcct), snd finally, figurc 3. 12
reveals the res»onsc of an amvullary orsan to the apnlication of a

gca water colution of various galinitics.

(It should bo noticed thot

the aversge concentration of the neural solutions arc two to throe tim

thet of gea wator.)
renge of clectro-géngitiviti

outmut

Yoy
AR

Again, what is mogt immortant here is
of the anpullery organs,

the wide

Fig. 3.9 Resvonse to clectrical stimuli
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Returning to gnccific elcectroreecontion, it wng obscrved that
stimuli of duration 0.1 to 1.0 gccondg wore meet cffective in cliciling
claectrorcavnonse.,  Waveforms of the above durabtions ore ecuivalent to
10 Hz to 1.0 Hz fregquencica., Also obrerved wes the phcnomena that
stimuli that werc cithor too brief, or sustained for too long werc leg
cffective in producing olectroresponsc. Along the game line, it was
gshown that atinuli that wore cither smplitude modulated or frequency
modulated gave resvonge when the ficld strengths werce as low as
10 wVem~% The most effcective froquency of freoguency modulntion wag
3 Hz. Lot the resder romember +this, for in the next scetion, (on
sudition), it will be showm the the suditory sense, again, histolosics
derived from the LLO also demonstratos a provensity to sclecthivly
regnond to certain stimuli, if and only if that etimuli is cither
amnlitude or freaouency modulated,

In 2ddition to +the nbove clectroroecentive choracteristics, a
nhenomena of valuc "o the biofeedbrck rescorches occurs when two
clectronengitive snecics with cloetric orgen dischaorges (EOD) wore
connectoed with contact clectrodes. It wag obgervoed that vhen the two
figh of the same gswecic, cach with the same bagic EOD froguency, werce
connceted, both figh we o obgerved to change their EOD in guch a manne:
to produce digsimilar, that ig diverszont EOD, Scheich and Bullock
indicate that this “jamming avoidance resnmonse" occurs so that each
figh can diccriminate ite own ncural patterns, such thoat confusion,
and thercfore less sclf control may be avoided. This JAR accurs only
if the BOD's arc within 15-20 Hz of cach fish! own EOD, ond is most
nronounccd when the differonce ig 3-=% Hz, This is related to the
M regyonce to 3 Hgz, ginec two fish within 3-5 Hz of cach other will
nroduce high amnlitude %-5 Hz modulation of cach others EOD.

The vphenomcna of electrorecention has becn studicd by the various
n3ychologists, physiologists and biologicsts, who deom the phenomcna
ag ncceagpary for the survival of the acuaric goeecics obgerved. They
cnall the vhenomena clectrolocation oand cluctrocommunication, yet a
nerusal of their bibligranhico indicate that none hag cited or gtudied
the bioohysical or parangychological literaturcs, and their conclusion
verce thus receched independently.

In e¢lectrolocation, for ocxamnwle, in Eigenmannia, the malces' basic
freoueney wan 250-600 Hz, vhercag thoe feomoles' wag 340-560 Hg. Similar:
an adversary or prey may bo located at a distance thru clcetrorcceptio:

Again, certain curront velcocitios in the oceans or streoms con-
tnin gnocific 1life forms, and it hag been demonsirated that scnegitivit
to currcent velociticn 28 low as 2.5X 1Hm.gec~leoxist. Anothoer reoort
indicotes that 1077 m*gee™ may be used an o conditioning stimulug.

In a pimilar study, a 2 vm vibration at 15 Hz resulted in a 50 Hz gign
(Schvartz). ' :

Tho rmnullary organs, sncecifically clectrorcentive, have boen
cthowm o have evolved indnendently in several svecics of vertabrates.
And, ~1tho the LLO arc found only in water dwellor:, ovolution hag
produccd two orgons <vwcecifically deorived from the LIO. At one time,
olfaction, vision, 2nd certain croniel nerves were nart of the Leboral.
cyotems.,  In mon, the vegtibular canals (not uncoincidentally named
Ampullac by anatomists), and the cochlea are dircetly desconded by
amphibial TLO. 1In the noxt gection we shall show the very close
similarity betwoen the cloctrorccentive ampnllary orgens in wator
dweollers, 2nd the ncoustico—~olocbro rocoutlve vegbibular and cochloar
organg in mon,
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UDITION

3.4 AUDITION ond MECHANO-RTECEPTION

Recalling that J. Rhine hos indicated that GESP is ultimately
vrocesged thru the central nervous syotem and that the acoustico-
lateralis syshem mrocegses Some plObeOnrOC’“tlon, it bchooves us to
gtudv ecudition and the mecheno-rcomtive functiong, for it will be showr
that there aroe goeneralized reswonscs annlicoble to 211l gengory modaliti

The sen31t1v1tv to cound is in fact the sengitivity to mochanicel
vibrationssct un in the atmous»hcere. The inner car is the site of this
acoustico-mechanicnl recention, and those familisr with audition know
that the mechonical vibrotions set up are relayed to the inner car by
& gkin-likc moembrane, *the tymvanus, and then thru threoe small bonceg,
the mallcus, the incus, 2nd the atames to the inner car which contains
both the semicircular cenalg end the cochlen, both of which innerveote
the cighth craniel nerve. It hag been ghywn by von Bekesy, who won the
Nobel Prize for hig work, that the procoss of audition in:ludeg that
of bonc conduction ag well az the resnmonse of the whole body to mechenc
vibrationg, And altho ~udition ig a gnecialzed scense scquestered from
gspurious vibrntions, we cshall chow later how the whole oresn of the gki
is o kind of mechano-rcceptor, the regults apnlicable to "dermo-ovntics.
In 2ddition, the s%in is the site of contact clectro-recention, and
it shall be shown the similaritics bebween these vearious scnsc modnlitic

Specifically, the organ of audition ig the orgen of Corti located
in the centeor of the cochlear snirslg. The Organ of Corti is o layer
of hair cclls conneccted tothe basgilar membranc which conncehs dircctly
to the cighth nerve. There arc about 15,000 hair colls on the basilar
mombranc "né a totel of =bout 15,000 ncuron fibreg in the cocloar nerve
Thege hair cells renge in gize from ocbout 130 um, which arc hlgh frequc
¢y resmonglve, to 275 ym, which arc low frequency resnonsgive Of un-

al intcrcst 1o that +h“~b nerve fibres have afforont ﬂOer aending,
tho there iz no motor function to be found, and in addition the notenti
acrogss the hair cells in the organ of Corti ig about 140 mV, Since
these cells arce annroximatoly 140 wm in longth, the ficld shtrength
repregented in the orsan of Corti io:

3.9 B = av .dqg=l = 1.4 21073V _ 1.0+ 107 vl
1.4 -10%n
Tho hair cells in tho orgen of Corti r*lay thc mochﬁnicu11vibrqti<
set up unon them from the ctress—-stroin rosctions ugcd by their bend!
a heat get off by the friction then gtimulstes, thru this piczoclcetric
nrocess, the gencretor potenticls., Of intercst ig that, un to 60 Hg,
the out»ut frbquuncy regpongse i an exact moteh of the input frequoncy

regnonse.  Above thigs frocu\noy goweelalired arvas in the cochlea 2%
gpecific distences from the stapcs vroduce complex volleys regihonsivle
for audition 2t theece fregquencics. In addition, the threc semi-
circular cenelsg, which rescmble throc mutnlly poendiculer half-loomn
antennee, nre algo inncrvated by cuvulac and microvilli which als:
reavond in wiczocloetric procese to mechanical bending sct up by chang:
in velocity and rccoleration., These gemicircular canalg arce obout

1 cm in hecighth, and thug may nrovide clectrorception forn EMR in
this wavelength, :
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Our intcercaet in naudition stoms Ffrom that conse modalitics! relatio
shin to the l2tcvnlis systom, but ~lso from the fact that audition is
)

e soenge modnlity concerncd with the froguency and thoe intensity of
the inpinging #timuli., Altho the cnergy intonsity by which audition
is momsurced is usually Watts ner centimeter squerced (W ecm™ ), the

veriouz cncrgy dimensions orc interchongesble, like meters into feot,
end it san pe directly chown that the clectro-gengitivty threchold
may be computed dircetly from the audition thresholds. (Cf 3.5 )

Bince, af we hove indicated, that audition is = skin membrenc,
bonc conduction phenomena, and thnt therc exist seversl Formulac ro-—
lating ckin area to height and mess, and the »rovortion of bonc moss
to totel oreonism masg, it ig not surprising that 2 mathomatical relat
ion chip oxists betweon auditory threosgholds ond phygical body measurenm
menta, Magterson and Diamond have cmpirically nroduced the following
rclationships, Tq. 3. shows that the lowest frequency regnonded to
ig related to body mass, ond that in addition, the high froguency
threshold ig a mathemotical function of the low fregquoney cuboff
threshold.

210 log fioy & Llogyane (kg) = 25

1R

3,11 Thigh = 20 kHz X log T,y

Other physiological agnects of audition illuminate proccsscs
relevant to extra, or ag onc professional calls it, cxnanded scnsory
nercention,  Von Bekegy studied the auditory thresholds with regnpect
to three variables; heredity, sge, and rcal time. He found for ingcten
that the audiograms of mombers within o family were significantly
gimilar, whereas on ~udiogrem of someone not in that family differcd
ag well gignificantly. Viz, & »roof of the hercdity of sensory and
nerceptual abilitics and resnmonses. In oddition it was found that
with increasing age, the ability to merceive sound freoquencics =nd
intensitics was attonuated at the high frequency resmonse band, but
vag basicnlly unchanged ot the low froguency cnd of the scoustical
gspectrum. Of very goccific interest to perception was von Bekesey!'s
obgervation of the following. Audiogramg were mode of subjects!
threghold gengitivitics at two frguencics, 200 Hz and 1000 Hz, and
observed for a duration of twenty minutes. It was found that the thre
holds varied 5 to 15 db with periodicitics of 8 minutes for the former
and 6% minutes for the latter. It would nrove to be highly illumin-
ating to discern if cach frequency head its own periodicity of threg—
hold sengitivy, for in addition, periods of 8 minutecs and 6% minutes
are in effect freguencics of 1/480 scconds nnd 1/%90 goconds, and it
ig well demonstrated that higher fregquencics arc hermonics of lower:
frequencies, ~and we may sumnize ultro-~low freoucncy modulation or
driving of higher frequency rcoustico-mechano-eclectro-sensitivitics.

In thig cection we shall obgerve the varioug resmonse charscter—
igtics of the auditory system in order to osteblish the limits of the
energy verccived., It hag been adovted ag convention that the root-
mean-gquare threshold for audition is 0,0002 dyncsecm—2 at 2000 Hz,
the foqueney of highest seounsitivity. However, von Bekegy has observed
sengitivity thresholds of 0.00005 dynes.cm—~2 at 2200 Hz. Thereforeo,
while wo phall discusgs stendard auditory thresholds, but ngain the
reader is coutioned that the demonctrated human percepbion thresholds
may vary og much ag 5 to 15 db below the 50% pooulation standard
threshold,
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Like the clectrorccentive senscs (ELF, infra-red, ond vision),
audition in crgotonic, that iz, ite '4nJ1t1v1iy of cnergy (crgo) is

o function of the frecuency (tono £ tho imwinging stimuli. Also,
like the clectrorccecentive senses, au dltion shows the nronerty of
excitory and 1nh1b1tory resnonse. That iz, most neurong have o pasc,
thet io o gtrtic dipchorge rate, so that, while gsome gtimuli cause an
increase in the ncural dicchargoe rﬂbop, some stinulil couse an inhibitic
that ig decrensce of thoe gtatic dio aﬂrgo rate., Thig is o very intoer-
osting agspect of cencetion and perception, for the ﬂOTCiﬂipnt must be
awerc that the information is "the nbw,ncb of information,", or to put
it crudely, the percinicnt is required to be awtre not of the donut,
but the hole. ?

Figurc 3.13 below is the oft reurduced and now 3 andord auditory
intensity-frequency regnonsc chart. The sound pressurc lovel is given
in dynogecn™ and Joulco per gguarc meter per sccond on the left hand
ordinate @nd(tvnt tively) Volts per meter per gquare root of the frogu-

‘ncey (Vem=1Hz=%) on the right. It is convenicnt to use Jem~2 goc™
rather than Wattseem—2 bocause we should like to be able to calculate
the cnergy in o given fregquency waveform, (Sce the noxt scction for
convercion factors.) : ‘

-Llu
)

Figure 3.13 tuditory frogquency--cnergy threshold rceswonscs
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Additionnl evidonce for the coding of scnsory information into the
ELF band con be scen in Pigure 3.14 below, which charts the frequency
of the neural imvnulscs in regmonsc to a given stimulus intensity input
for ncurons with freguency-onecific responscs. Notice that the hypor-
bolic twngcnt (tenh x) grovth rate saturates ~t about 450 Hz.
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